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fn?^ ° PtiCal wave 9 ulde and °P^< semiconductor device and apparatus 

for connecting the same PK 



(57) A method for connecting an optical waveguide 
(5) and an optical semiconductor device (2) and an 
apparatus for connecting the same, capable of remov- 
ing a working error and getting a high optical coupling 
coefficiency. The method consisting of the steps of: 
moving the optical semiconductor device (2) to the sub- 
strate (1) so as to overlap the pair of the first positioning 
marks (4a,4b) and the pair of the second positioning 
marks (6a,6b); obtaining an actual distance (L) from the 
outgoing surface to the pair of the second positioning 
marks (6a t 6b), based on an image photographed by 
allowing the infrared ray to transmit through the sub- 
strate (1) and the optical semiconductor device (2); 
obtaining an error (a) between the actual distance (L) 
and a designed distance (Lo) previously set, by sub- 
tracting the designed distance (Lo) between the outgo- 
ing surface of the optical semiconductor device (2) and 
the pair of the second positioning marks (6a,6b) from 
the actual distance (L); moving the pair of the second 
positioning marks (6a,6b) relative to the pair of the first 
positioning marks (4a t 4b) by a quantity equal to the 
error (a) so as to cancel the error (a); and jointing the 
optical semiconductor device (2) to the substrate (1). 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001] The present invention relates to a method for 
connect, ng an optical waveguide and an optical semi- 
conductor device and an apparatus for connecting the 

ISnt5£ " 10 *" impr0V6ment 0f a passive all '9"- 
Description of the Prior Arts 

[0002] There has existed an electric-optical conver- 
sion dev,ce called an optical module, which is consti- 
Med by integrating an optical semiconductor device 
such as a semiconductor laser diode and an optical 
wavegu.de such as an optical fiber. 
10003] m fabricating the optical mod U | e it is an 
important challenge to allow an emitted light from the 
ophca semiconductor device to be incident onto the 
op tad waveguide with minimal waste and to increase 
optical coupling coefficiency. 
[0004] As methods to connecting the optical semi- 
conductor dev,ce and the optical waveguide, there have 
existed an active alignment method and a passive align- 
ment method. 

K 7? 301 « 9 al, ' 9nment me t h °d is the one per- 
formed as follows. Specifically, an optical semiconduc- 

llS', Ce J S aC,Ua " y made ,0 emit a *#* a nd the 
emitted light is incident onto an optical waveguide Rel- 
ative positions of the optical semiconductor device and 

inP.v P l Ca ' ^ Ve9UWe ^ respecl ,0 eacn other are 
fine* adjusted so as to maximize an intensity of the 
em,«ed light from the optica, waveguide, thus Lnec,! 
wJvIguio? SemiCOnduc,or devica the optical 

S . °" 019 0,ner h «"d. the passive alignment 
22? m P erf0r ! T,ed 05 ««■*• Specifically, the oplical 
semiconductor device is actually not made to emit a 
'ght, but al.gnment marks previously formed in both of 
the ep ical semiconductor device and the optical 
wavegude are made to be coincident with each other 
Thus finely adjusting the relative positions of the optical 
semiconductor device and the optical waveguide with 
respect to each other to connect them 

f?SL«ic JaPaneSe Pa,enf Laid -°P en No - Hei 7 
(1995J-43565, published on February 14 1995 a 

method to connect the optical waveguide and'the optical 

semiconductor device using the passive alignment 

A • echno,09y written in the 9 azette 

wH be described as a first conventional example 
2 . R 9" 10 is a Perspective view showing a 
method for connecting an optical waveguide and an 
opteal semiconductor device of the first convenUonal 

example. 

[0009] In Fig. 10, an optical semiconductor device 
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102 is loaded onto a sub substrate 101. A thin film for 
shielding infrared ray is formed entirely on an overal 

device 102 other than regions of markers 161 and 162 
The sub substrate 101 has a thin film for shielding infra-' 
red ray only at regions of markers 131 and 132, and 

XTS a " ° Pt,Ca ' ,ib6r 104 in " S V ' sh *P«i 

E, „ Next ' infrare d ray (not shown) is made to 
transmit through the sub substrate 101 upward from an 
mfrared ray source (not shown) proved befow the sSS 
substrate 101. and the markers 131. 132. 161 and 162 
are photographed by an infrared ray camera (not 
shown) provided above the sub substrate 101 
oZ!L • F ' 9 ' ".'"^^^^^wshowingaphoto- 
SS ,ma9e ' irS ' conventiona ' connection 

I 0 ! 21 J? Fl ' 9 - the P h0 '09raphed image of the 
markers 131. 132. 161 and 162 undergoes an image 

S,r 9 ; and re ' a,iVe P ° Sit, ' 0n5 of *• OPW semi! 
conductor device 102 and the sub substrate 101 wTth 
respect to each other are corrected so that areal center 
0 gravis of the markers 131 and 132 and area Se^ 

l gr S IT 8 r kefS 161 and 162 are 

h T' Therea " er ' the °P ,ical semiconductor 
dev ce 102 ,s loaded onto the sub substrate 101 and 
jo-nted ,0 the sub substrate 101 . whereby a pJSoE 

and the optical fiber 1 04 is increased. 
[0013] Moreover, in Japanese Patent Laid-Open 
No. H ei 8 (1996M1 1600. published on April 30 1996 a 
high precision mounting method using a passive alio'n- 
ment method for controlling relative positions of an ipS- 

bl iTZ'r 7 d *"' Ce 3nd a " * fc8j wave 9"'oe 
discS;^ a S,a,e ° f po, ^ ona ' ma ^rs is 

h^S ,echno, °9y wri «en in the gazette is 
SS? 6(1 asasecond conventional example 

Zh!L fr , F ' 9 ' 12 ' S 3 pers P ectiv e view showing a 
method for connecting an optical waveguide and an 
^.ca. sem.conduc.or device of o second conventional 

2 0 2°8 i?i M H^ 12 ', an 0p,iCa, semi conductor device 
228 is loaded onto a silicon substrate 225. In the optical 
semiconductordevice 228. first markers having JSg 
ogram-shape which allow an infrared ray R (Fig 13) , 0 

fft oVZ™* 3 ?" 3 b0tt0m surfaca A" infra red ray R 

rs t d lT er , re9i ° nS ,h3n ,he re9i0n of *° ™* 
Z-Sh r u S '" COn SUbs,ra,e 225 ' a rectangular- 
shaped holes, which allows the infrared ray R to trans- 
mit through, are perforated, and firs, markers 237 are 
formed. The infrared ray R is shielded in other regions 
man the region of the markers 237. 

P 9 ' 13 fe 8 P ers P ective vf ew showing an 

S c $ eC,i " 9 ,he °P ,ical ^9"^ a "d the 
optical sem,conductor device of the second conven- 
tional example. 

[0017] (n Fig. 13. the infrared ray R is irradiated 
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upward from an infrared-ray source 222 located below 
the silicon substrate 225 and the optical semiconductor 
device 228, and an image of the infrared ray R having 
transmitted through the silicon substrate 225 and the 
optical semiconductor device 228 is photographed by 5 
an infrared-ray camera 231. 

[001 8] Fig. 1 4 is a schematic view showing an infra- 
red-ray-photographed image in the method for connect- 
ing the optical guide and the optical semiconductor 
device of the second conventional example. 10 
[0019] Based on the photographed image as shown 
m Fig. 14, a deviation of the first and second markers 
236 and 238 from each other is obtained, and a parts- 
moving stage 226 (Fig. 13) and a substrate moving 
stage 223 (Fig. 13) are controlled so as to make coinci- 
dent the first and second markers 236 and 238 with 
each other, thus positioning the silicon substrate 225 
and the optical semiconductor device 228. 
[0020] Moreover, the image of the infrared ray Ft 
having transmitted through the first and second markers 
236 and 238 is taken out by a half mirror 233 (Fig. 13), 
and measured by an optical intensity detector 235 (Fig' 
13). The silicon substrate 225 and the optical semicon- 
ductor device 228 are fixed at a position where an inten- 
sity of the image comes to be maximum or minimum 
whereby a positioning precision of the silicon substrate 
225 and the optical semiconductor device 228 is 
increased. 

[0021] As a still another conventional example in 
Japanese Patent Laid-Open No. Hei 9 (1997)-205255 30 
published on August 5, 1997, an optical semiconductor 
device using an passive alignment method, in which 
areal centers of gravity of alignment marks provided 
respectively on a semiconductor laser chip and a sub 
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mount are made to be coincident with each other anr i I « I r 7 1 V , the fore 9° in 9 conventional examples 
method for manufacturing the ^J!S^^ ik 52? h pIy . the techno, °^ in *«* the areal 



method for manufacturing the same are disclosed. 
[0022] Moreover, in Japanese Patent Laid-Open 
No. Hei 9 (1997J-292542, published on November 11, 
1997, an optical part mounting substrate using a pas- 
sive alignment method, in which alignment marks pro- ao 
vided respectively on a semiconductor laser chip and an 
optical part fixing member are detected thus mounting 
one on another, is disclosed. 

[0023] However, the connection methods for the 
optical waveguide and the optical semiconductor device as 
in the conventional examples have the following prob- 
lems. 

[0024] in the first conventional example shown in 
Fig. 10, when a working error exists on an outgoing sur- 
face 102b of the optical semiconductor device 102, a so 
distance from the outgoing surface 102b of the optical 
semiconductor device 102 to an incident surface 104a 
of the optical fiber 104 shifts from a designed distance. 
Thus, an optical coupling coefficiency of the optical 
semiconductor device 102 and the optical fiber 104 ss 
reduces. 

[0025] The reason is as follows. Specifically, when 
the optical semiconductor device 102 such as a laser 



diode is manufactured, after markers 161 and 162 are 
formed, the outgoing surface 102b is formed by per- 
forming a cleavage processing for the optical semicon- 
ductor device 102. Since this cleavage processing is 
performed in such manner that a breakable semicon- 
ductor is split so as to obtain the outgoing surface 102b 
a working error of the outgoing surface 102b with 
respect to the markers 161 and 162 cannot be made to 
be 10 >im or less. On the other hand, in the case of the 
optical semiconductor device 102 for which a high opti- 
cal output power and a high optical coupling coeffi- 
ciency are needed, a distance from the outgoing 
surface 102b of the optical semiconductor device 102 to 
the incident surface 104a of the optical fiber 104 must 
be reduced to about 3 M m. It is nevertheless difficult to 
meet the requirement as long as the cleavage process- 
ing is adopted. 

[0026] Moreover, the distance from the outgoing 
surface 102b of the optical semiconductor device 102 to 
the incident surface 104a of the optical fiber 104 cannot 
be obtained as designed, and there is a problem that 
the optical coupling coefficiency is low. 
[0027] The reason is as follows. Specifically, if a slit 
1 10 for deciding the position of an incident surface 107a 
of a sub substrate 107 is formed by grinding the sub 
substrate 107 in a mechanical working manner, a work- 
ing error of 5 or more is created. Similarly, even if the 
incident surface 104a of the optical fiber 104 is polished 
so as to smooth it using a blade saw, the working error 
of 5 urn or more is created. Specifically, the working 
error of 10 or more in total exists. 
[0028] There have been these problems in any of 
the foregoing conventional examples. 
[0029] Any of the foregoing conventional examples 



center of gravity of the alignment marks are made to be 
coincident with each other, or the technology in which 
the portioning is controlled based on the overlapping 
state of the alignment markers. Then the foregoing 
working error of the outgoing surface exists or the fore- 
going working error of the incident surface exists, any of 
the foregoing conventional examples cannot aim at 
removing the working errors, and does not disclose con- 
crete method to remove the working errors. 
[0030] Accordingly, any of the foregoing conven- 
tional examples cannot remove the foregoing working 
errors in principle. 

SUMMARY OF THE INVENTION 

[0031 ] The object of the present invention is to pro- 
vide a method for connecting an optical waveguide and 
an optical semiconductor device and an apparatus for 
connecting the optical waveguide and the optical semi- 
conductor device, capable of removing a working error 
and getting a high optical coupling coefficiency. 
[0032] A first aspect of the method is that: a method 
for connecting an optical waveguide for guiding light and 
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an optical semiconductor device having an outgoing 
surface for emitting the light, the optical waveguide 
being formed in a first region on a top surface of a sub- 
strate on which a pair of first positioning marks are 
formed for transmitting or shielding an infrared ray only 
at speeded spots in a second region adjacent to the first 
region, and the optical semiconductor device having a 
bottom surface on which a pair of second positioning 
marks for transmitting or shielding the infrared ray are 
formed thereof, the second positioning marks being 
concentric and having a different diameter from that of 
the first positioning marks and an inverted pattern 
shape to that of the first positioning marks. The method 
cons.st.ng of the steps of: moving the optical semicon- 
ductor device to the substrate so as to overlap the pair 
of the first positioning marks and the pair of the second 
positioning marks; obtaining an actual distance from the 
outgoing surface to the pair of the second positioning 
marks based on an image photographed by allowing 
he infrared ray to transmit through the substrate and 
the optical semiconductor device; obtaining an error 
between the actual distance and a designed distance 
previously set by subtracting the designed distance 
between the outgoing surface of the optical semicon- 
ductor device and the pair of the second positioning 
marks from the actual distance; moving the pair of the 
second positioning marks relative to the pair of the first 
positioning marks by a quantity equal to the error so as 
o cancel the error; and jointing the optical semiconduc- 
tor device to the substrate. 

[0033] A second aspect of a method is that- a 
method for connecting an optical waveguide and an 
optical semiconductor device, the optical waveguide 
being laid in a groove formed on a top surface of a sub- 
strate on which a pair of first positioning marks are 
formed for transmitting or shielding an infrared ray only 
at specified spots and having one end surface thrusted 
to a thrust end surface, that is one end of the groove so 
as to be positioned, and the optical semiconductor 
devic having a bottom surface, in which a pair of sec- 
ond posrtioning marks for transmitting or shielding the 
infrared ray are formed, the second positioning marks 
being concentric and having a different diameter from 
that of the first positioning marks and an inverted pat- 
tern shape to that of the first positioning marks The 
method consisting of the steps of: moving the optical 
semiconductor device to the substrate so as to overlap 
the pair of the first positioning marks and the pair of the 
second positioning marks; obtaining an actual distance 
from an outgoing surface of the optical semiconductor 
device to the thrust end surface, based on an image 
Photographed by allowing the infrared ray to transmit 
through the substrate and the optical semiconductor 
device; obtaining an error between the actual distance 
and a designed distance previously set, by subtracting 
the designed distance between the outgoing surface of 
the optical semiconductor device and the thrust end sur- 
face of the slit from the actual distance; moving the pair 
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of the second positioning marks relative to the pair of 
the first positioning marks by a quantity equal to the 
error so as to cancel the error; and jointing the optical 
semiconductor device to*the substrate. 
[0034] a first aspect of the apparatus is that- an 
apparatus for connecting an optical waveguide for guid- 
ing light and an optical semiconductor device having an 
outgoing surface for emitting the light, the optical 
waveguide being formed in a first region on a tops*? 

mill c 3 S , UbS '!!! e ; ° n WhfCh 3 Pair of first Positioning 
marks are formed for transmitting or shielding an infra- 
red ray only at specified spots in a second region adja- 
cent to the first region, and the optical semiconductor 
device having a bottom surface on which a pair of sec- 
ond positioning marks for transmitting or shielding the 
infrared ray are formed thereof, the second positioning 

fTnm fn f n ?r n . Cen,riC and havin9 a di,,ere "< diameter 
from that of the first positioning marks and an inverted 
pattern shape to that of the first positioning marks The 
apparatus consisting of: a stage for moving relatively 
the substrate and the optical semiconductor device- a 
light source for irradiating the infrared ray; a camera for 
photographing an image formed by the infrared ray irra- ' 
dialed from the light source and transmitted through the 
substrate and the optical semiconductor device; and a 
control unit for controlling the stage based on the image 
from the camera. The control unit drives the stage so as 
to overlap the pair of the first positioning marks and the 
pair of the second positioning marks; obtains an actual 
distance from the outgoing surface to the pair of the 
second positioning marks, based on the image photo- 
graphed from the camera; obtains an error between the 
actual distance and a designed distance previously set 
by subtracting the designed distance between the out- 
going surface of the optical semiconductor device and 
the pair of the second positioning marks from the actual 
distance; and moves the pair of the second positioning 
marks relative to the pair of the first positioning marks 
by driving the stage by a quantity equal to the error so 
as to cancel the error. 

[0035] A second aspect of an apparatus is that: an 
apparatus for connecting an optical waveguide and an 
optical semiconductor device, the optical waveguide 
being laid in a groove formed on a top surface of a sub- 
strate on which a pair of first positioning marks are 
formed for transmitting or shielding an infrared ray only 
at specified spots and having one end surface thrusted 
to a thrust end surface, that is one end of the groove so 
as to be positioned, and the optical semiconductor 
device having a bottom surface, in which a pair of sec- 
ond positioning marks for transmitting or shielding the 
infrared ray are formed, the second positioning marks 
bang concentric and having a different diameter from 
that of the first positioning marks and an inverted pat- 
tern shape to that of the first positioning marks. The 
apparatus consisting of: a stage for moving relatively 
the substrate and the optical semiconductor device- a 
light source for irradiating the infrared ray; a camera for 
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photographing an image formed by the infrared ray irra- 
diated from the light source and transmitted through the 
substrate and the optical semiconductor device; and a 
control unit for controlling the stage based on the image 
from the camera. The control unit drives the stage so as 5 
to overlap the pair of the first positioning marks and the 
pair of the second positioning marks; obtains an actual 
distance from the pair of the second positioning marks 
to the thrust end surface, based on the image from the 
camera; obtains an error between the actual distance 10 
and a designed distance previously set, by subtracting 
the designed distance between the pair of the second 
positioning marks of the optical semiconductor device 
and the thrust end surface of the slit from the actual dis- 
tance, and moves the pair of the second positioning 15 
marks relative to the pair of the first positioning marks 
by driving the stage by a quantity equal to the error so 
as to cancel the error. 

[0036] In the conventional examples, the relative 
positions of the substrate and the optical semiconductor 20 
device are controlled so that first and second position- 
ing marks are made to be simply coincident with each 
other. Compared to the conventional examples, accord- 
ing to the methods and the apparatuses of the present 
invention as described above, the present invention is 25 
characterized as follows. The first and second position- 
ing marks are once overlapped, and the actual distance 
from the positioning mark of the optical semiconductor 
device to either the outgoing surface of the optical sem- 
iconductor device or the thrust end surface of the slit of 30 
the substrate is measured. Then an error is obtained by 
subtracting a designed distance previously set from the 
actual distance obtained, and the optical semiconductor 
device is moved by the quantity equal to the error so as 
to cancel the error, thus jointing the optical semiconduc- 35 
tor device to the optical waveguide substrate. 
[0037] Since the constitutions and the technique 
described above are adopted in the present invention, 
the distance between the outgoing surface of the optical 
semiconductor device and the incident surface of the 40 
optical waveguide can be always made to be coincident 
with the designed distance precisely. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] For a more complete understanding of the 
present invention and advantages thereof, reference is 
now made to the following description taken in conjunc- 
tion with the accompanying drawings. 
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Fig. 1 is a perspective view showing a structure of 
connecting an optical waveguide and an optical 
semiconductor device according to a first embodi- 
ment of the present invention. 

Fig. 2 is a schematic side view showing a structure ss 
of an apparatus for realizing the apparatus for con- 
necting the optical waveguide and the optical semi- 
conductor device according to the Fig. 1 



embodiment. 

Fig. 3 is a schematic view showing a photographed 
image at the time of starting a method for connect- 
ing the optical waveguide and the optical semicon- 
ductor device according to the Fig. 1 embodiment. 
Fig. 4 is a flowchart showing processes in the 
method for connecting the optical waveguide and 
the optical semiconductor device according to the 
Fig. 1 embodiment. 

Fig. 5 is a schematic view showing a photographed 
image at the time of completing the method for per- 
forming a method for connecting the optical 
waveguide and the optical semiconductor device 
according to the Fig, 1 embodiment. 
Fg. 6 is a perspective view showing a structure of 
connecting an optical waveguide and an optical 
semiconductor device according to a second 
embodiment of the present invention. 
Fig. 7 is a schematic view showing a photographed 
image at the time of starting a method for connect- 
ing the optical waveguide and the optical semicon- 
ductor device according to the Fig. 6 embodiment. 
Fig. 8 is a flowchart showing processes in the 
method for connecting the optical waveguide and 
the optical semiconductor device according to the 
Fig. 6 embodiment. 

Fig. 9 is a schematic view showing a photographed 
image at the time of completing the method for per- 
forming a method for connecting the optical 
waveguide and the optical semiconductor device 
according to the Fig. 6 embodiment. 
Fig. 10 is a perspective view showing a method for 
connecting an optical waveguide and an optical 
semiconductor device of a first conventional exam- 
ple. * 

Fig. 11 is a schematic view showing a photo- 
graphed image in the first conventional connection 
method. 

Fig. 12 is a perspective view showing a method for 
connecting an optical waveguide and an optical 
semiconductor device of a second conventional 
example. 

Fig. 13 is a schematic side view showing an appa- 
ratus for connecting the optical waveguide and the 
optical semiconductor device of the second con- 
ventional example. 

Fig. 14 is a schematic view showing an infrared-ray- 
photographed image in the method for connecting 
the optical waveguide and the optical semiconduc- 
tor device of the second conventional example. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 

[0039] As a first embodiment, an optical module in 
which an optical waveguide 5 is formed on an optical 
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waveguide substrate 1 will be described. 
[0040] Fig. I Is a perspective view showing a struc- 
ture of connecting an optical waveguide and an optical 
semiconductor device of a first embodiment of the 
present invention. 5 
[0041] In Fig. 1 , the optical waveguide substrate 1 is 
a plane-shaped substrate formed of a silicon material 
and the like. The optical waveguide 5 made of a trans- 
parent material such as Si0 2 is formed on a top surface 
1a of the optical waveguide substrate 1 by coating the 10 
optical waveguide 5 thereon by means of a Chemical 
Vapor Deposition (CVD) method or the like. The optical 
waveguide 5 takes a straight-line shape. 
[0042] On a tip of the optical waveguide 5, an inci- 
dent surface 5a for allowing light to be incident there- is 
onto is formed along an optical axis 5x so as to be 
perpendicular to the optical waveguide 5. A step portion 
1b is formed at a position of the top surface 1a of the 
optical waveguide substrate 1 so as to cross the inci- 
dent surface 5a. A mounting portion 1c is formed on a 20 
portion of the optical waveguide substrate 1 farther 
ahead of the tip of the optical waveguide 5, the step por- 
tion 1b intervening therebetween. On the surface of the 
mounting portion 1c, an electrode pad 3 which takes a 
rectangular shape having a protruding portion 3a in its 25 
center portion when viewed from the above is formed on 
an extended line of the optical waveguide 5, by a tech- 
nique such as etching. 

[0043] Moreover, first positioning marks 4a and 4b 
taking a round shape, which is formed of a thin film for 30 
shielding infrared ray R (Fig. 2), are formed on both 
sides of the protruding portion 3a of the electrode pad 3 
so as to sandwich the protruding portion 3a therebe- 
tween. 

[0044] In Fig. 1, the optical semiconductor device 2 35 
is a semiconductor device which emits light such as a 
laser beam from a light-emitting portion 2c along an 
optical axis 2x, and a thin film for shielding the infrared 
ray R (Fig. 2) is formed on the entire surface of a bottom 
surface 2a thereof. In this thin film, regions formed by 40 
removing partially the thin film for shielding the infrared 
ray R, which surround the first positioning marks 4a and 
4b of the optical waveguide substrate 1 and have a 
diameter larger than that of the first positioning marks 
4a and 4b. are formed as second positioning marks 6a 4s 
and 6b. 

[0045] Note that an outline shape of a squared- 
shaped portion 3b excluding the protruding portion 3a 
from the region which takes a rectangular shape having 
a protruding portion 3a in its center portion on the opti- so 
cal waveguide substrate 1 is formed so as to fit it with an 
outline shape of the bottom surface 2a of the optical 
semiconductor device 2. 

[0046] Moreover, in order to make coincident a ver- 
tical height of the optical axis 5x of the optical 55 
waveguide 5 with a vertical height of the optical axis 2x 
of the optical semiconductor device 2, the mounting por- 
tion 1c of the optical waveguide substrate 1 is formed by 



etching and the like to be somewhat lower than the 
region where the optical waveguide 5 is formed. 
[0047] Fig. 2 is a schematic side view showing a 
structure of an apparatus for connecting the optical 
waveguide and the optical semiconductor device 
according to the Fig. 1 embodiment. 
[0048] The connection apparatus shown in Fig. 2 
constitutes of a substrate-moving stage 23 for mounting 
the optical waveguide substrate 1 thereon, a parts-mov- 
ing stage 26 for holding the optical semiconductor 
device 2 thereunder, an image processing unit 27, a 
control unit 29, an infrared-ray light source 50 and an 
infrared-ray camera 51. 

[0049] The substrate-moving stage 23 is a plane 
stage placed on a horizontal plane and mounts the opti- 
cal waveguide substrate 1 thereon. The substrate-mov- 
ing stage 23 moves the optical waveguide substrate 1 
placed thereon to an arbitrary position in response to a 
drive signal Sd from the control unit 29. 
[0050] The parts-moving stage 26 is a three-dimen- 
sional stage which holds the optical semiconductor 
device 2 with its arm at a tip bottom surface thereof and 
is movable with a degree of freedom in X, Y and Z-direc- 
tions. The parts-moving stage 26 moves the optical 
semiconductor device 2 held with its arm to an arbitrary 
position on the horizontal plane in response to the drive 
signal Sd from the drive unit 29, and moves the optical 
semiconductor device 2 vertically. 
[0051] The image processing unit 27 obtains posi- 
tions between specified images in a photographed 
image based on an image signal Sv from the infrared- 
ray camera 51, and outputs it as an actual distance sig- 
nal Sds. 

[0052] The control unit 29 performs a computation 
based on an Actual distance L (Fig. 3) indicated by the 
actual distance signal Sds and a designed distance Lo 
(Fig. 3) previously stored therein, and outputs the drive 
signal Sd to the substrate-moving stage 23 and the 
parts-moving stage 26. 

[0053] The infrared-ray light source 50 is provided 
below the substrate-moving stage 23 so as to face 
upward, and irradiates the infrared ray R upward. 
[0054] The infrared-ray camera 51 is provided 
above the parts-moving stage 26 so as to face down- 
ward, and photographs the infrared ray R having trans- 
mitted through the optical waveguide substrate 1 and 
the optical semiconductor device 2, thus outputting it as 
the image signal Sv to the image processing unit 27. 
[0055] Next, a method for connecting the optical 
waveguide and the optical semiconductor device of this 
embodiment will be described. 
[0056] Fig. 3 is a schematic view showing a photo- 
graphed image at the time of starting a method for per- 
forming a method for connecting the optical waveguide 
and the optical semiconductor device according to the 
Fig. 1 embodiment. 

[0057] Fig. 4 is a flowchart showing processes in 
the method of connecting the optical waveguide and the 
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optical semiconductor device according to the Fig 1 
embodiment. 

[0058] In Fig. 3, the L denotes an actual distance 
from the outgoing surface 2b of the optical semiconduc- 
tor device 2 to centers of the positioning marks 4a. 4b, 
6a and 6b. The Lo denotes a designed distance from 
the outgoing surface 2b of the optical semiconductor 
device 2 to the centers of the positioning marks 4a, 4b, 
6a and 6b. The a denotes a working error of the outgo- 
ing surface 2b of the optical semiconductor device 2. 
[0059] First, the optical semiconductor device 2 is 
moved onto the optical waveguide substrate 1 so that 
each of the centers of the first positioning marks 4a and 
4b of the optical waveguide substrate 1 is made to be 
coincident with each of the centers of the second posi- 
tioning marks 6a and 6b of the optical semiconductor 
device 2 respectively (step S1). 
[0060] Next, as shown in Fig. 2, the infrared ray R is 
irradiated onto the bottom surface of the optical 
waveguide substrate 1 from the infrared-ray light source 
50 disposed below the optical waveguide substrate 1 so 
as to face upward. The infrared ray R is allowed to trans- 
mit through the optical waveguide substrate 1 and the 
optical semiconductor device 2. 
[0061] The infrared ray R having transmitted 
through the optical waveguide substrate 1 and the opti- 
cal semiconductor device 2 is photographed by the 
infrared-ray camera 51 disposed above the optical sem- 
iconductor device 2 so as to face downward. The photo- 
graphed infrared ray R is supplied to the image 
processing unit 27 as the image signal Sv (step S2). 
[0062] Thus, as shown in Fig. 3, the positioning 
marks 4a, 4b, 6a. 6b and the outgoing surface 2b of the 
optical semiconductor device 2 are photographed. 
[0063] The image processing unit 27 (Fig. 2) per- 
forms an image processing such as a binary processing 
based on the photographed image indicated by the 
image signal Sv (Fig. 2), and detects the positions of the 
positioning marks 4a, 4b, 6a and 6b and the position of 
the outgoing surface 2b of the optical semiconductor 
device 2 (step S3). 
[0064] Subsequently, based on the detected posi- 
tions of the positioning marks 4a, 4b, 6a and 6b and the 
outgoing surface 2b, the image processing unit 27 (Fig. 
2) obtains the actual distance L from the center of the 
positioning marks 4a, 4b. 6a and 6b to the outgoing sur- 
face 2b of the optical semiconductor device 2, and out- 
puts it as the actual distance signal Sds (Fig. 2). 
[0065] The control unit 29 (Fig. 2) subtracts the 
designed distance Lo between the centers of the posi- 
tioning marks 4a, 4b, 6a and 6b and the outgoing sur- 
face 2b of the optical semiconductor device 2 from the 
actual distance L indicated by the actual distance signal 
Sds, thus obtaining an error a (= L - Lo). Note that the 
designed distance Lo is previously set in the control unit 
29 (Fig. 2). 

[0066] Next, in Fig. 2, the control unit 29 generates 
the drive signal Sd for driving the substrate-moving 
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stage 23 and the parts-moving stage 26 by a quantity 
equal to the error a so as to cancel the error a (Fig 3) 
Note that the drive signal Sd may drive any one of the 
substrate-moving stage 23 and the parts-moving stage 
26 or may drive the both of them. The control unit 29 
then outputs the drive signal Sd (step S4). 
[0067] The drive signal Sd is supplied to the sub- 
strate-moving stage 23 and the parts-moving stage 26 
or the drive signal Sd is supplied to any one of the sub- 
strate-moving stage 23 and the parts-moving stage 26 
The parts-moving stage 26 is moved by the quantity 
equal to the error a (Fig. 3) in a direction of the arrow A 
(Fig. 3) so as to cancel the error a (Fig. 3). Alternatively, 
the substrate-moving stage 23 is moved by the quantity" 
equal to the error a (Fig. 3) in a direction opposite to the 
arrow A (Fig. 3). Still alternatively, by combining the 
means above, the parts-moving stage 26 and the sub- 
strate-moving stage 23 are relatively moved with 
respect to each other (step S5). 
[0068] Fig. 5 is a schematic view showing a photo- 
graphed image at the time of completing the method for 
performing a method for connecting the optical 
waveguide and the optical semiconductor device 
according to the Fig. 1 embodiment. 
[0069] As shown in Fig. 5, since the second posi- 
tioning marks 6a and 6b of the optical semiconductor 
device 2 are moved relative to the first positioning marks 
4a and 4b of the optical waveguide substrate 1 by the 
quantity equal to the error a in the direction to cancel 
the error a, a distance between the incident surface 5a 
(Fig. 1) of the optical waveguide 5 (Fig. 1) and the out- 
going surface 2b (Fig. 1) of the optical semiconductor 
device 2 (Fig. 1) will be made to be coincident with the 
designed distance accurately. 
[0070] Vinally, the parts-moving stage 26 is made to 
descend so as to mount the optical semiconductor 
device 2 on the optical waveguide substrate 1, thus 
jointing the optical semiconductor device 2 and the opti- 
cal waveguide substrate 1 to each other by a method 
such as soldering and the like (step S6). 
[0071] As described above, according to this 
embodiment, the optical semiconductor device 2 is 
moved onto the optical waveguide substrate 1, and the 
infrared ray R is allowed to transmit through the optical 
semiconductor device 2 and the optical waveguide sub- 
strate 1. The actual distance L between the outgoing 
surface 2b and the centers of the positioning marks 4a, 
4b, 6a and 6b is obtained, and the optical semiconduc- 
tor device 2 is moved by the quantity equal to the error 
a between the actual distance L and the designed dis- 
tance Lo previously set, in the direction to cancel th 
error a. Thereafter, the optical semiconductor device 2 
and the optical waveguide substrate 1 ar jointed to 
each other. 

[0072] Thus, the working error a of the outgoing 
surface 2b of the optical semiconductor device 2 is can- 
celled, and the optical axis 2x of the optical semicon- 
ductor device 2 and the optical axis 5x of the optical 
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waveguide 5 will be made to be coincident with each 
other accurately. 

(Second Embodiment) 



[0073] As a second embodiment, an optical module 
using an optical fiber 9 as the optical waveguide will be 
described. Since the optical semiconductor device 2 
and the apparatus for connecting the optical semicon- 
ductor device 2 and the optical waveguide substrate 1 
shown in Fig, 2 have the same structure as those in the 
first embodiment, descriptions for them is omitted. In 
this embodiment, the optical waveguide substrate 1 of 
Fig. 2 is replaced by a sub substrate 7. 
[0074] Fig. 6 is a perspective view showing a struc- 
ture of connecting an optical waveguide and an optical 
semiconductor device according to a second embodi- 
ment of the present invention. 
[0075] In Fig. 6, the sub substrate 7 is made of a sil- 
icon material and the like. An electrode pad 3 for mount- 
ing the optical semiconductor device 2 thereon is 
formed on one side of a top surface of the sub substrate 
7. The electrode pad 3 takes a rectangular shape hav- 
ing a protruding portion 3a in its center portion by a 
technique such as etching. First positioning marks 4a 
and 4b having a round shape are formed on both sides 
of the protruding portion 3a of the electrode pad 3 so as 
to sandwich the protruding portion 3a. 
[0076] A V-shaped groove 8 having a V character- 
shaped vertical cross section is formed on the other 
side of the top surface of the sub substrate 7 along the 
extended line of the protruding portion 3a of the elec- 
trode pad 3 by a technique such as anisotropic etching. 
The V-shaped groove 8 is formed to a depth so that a 
vertical height of an optical axis 9x of the optical fiber 9 
and a vertical height of an optical axis 2x of the optical 
semiconductor device 2 are coincident with each other 
[0077] A slit 10 perpendicular to the V-shaped 
groove 8 is formed on an end surface of the V-shaped 
groove 8 of the electrode pad 3 side. The slit 10 is 
formed by processing the top surface 7a of the sub sub- 
strate 7 by cutting using a blade saw and the like and by 
polishing. An end surface of the slit 10 on the electrode 
pad 3 side serves as a thrust end surface 10a. 
[0078] In the sub substrate 7 formed as described 
above, the optical fiber 9 is laid in the V-shaped groove 
8, and the incident surface 9a that is an end surface of 
the optical fiber 9 on the electrode pad 3 side is thrusted 
to the thrust end surface 10a, whereby the optical fiber 
9 is positioned in the V-shaped groove 8. 
[0079] Fig. 7 is a schematic view showing a photo- 
graphed image at the time of starting a method for con- 
necting the optical waveguide and the optical 
semiconductor device according to the Fig. 6 embodi- 
ment. 

[0080] Fig. 8 is a flowchart showing processes in 
the method for connecting the optical waveguide and 
the optical semiconductor device according to the Fig. 6 
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embodiment. 

[0081] In Fig. 7, the L denotes an actual distance 
from the outgoing surface 2b of the optical semiconduc- 
tor device 2 to centers of the positioning marks 4a 4b 
6a and 6b. The Lo denotes a designed distance from 
the outgoing surface 2b of the optical semiconductor 
de/ice 2 to the centers of the positioning marks 4a, 4b 
6a and 6b. The a denotes a working error of the outgo- 
ing surface 2b of the optical semiconductor device 2. 
[0082] The D denotes an actual distance from the 
outgoing surface 2b of the optical semiconductor device 
2 to the thrust end surface 10a of the slit 10. The Do 
denotes a designed distance from the outgoing surface 
2b of the optical semiconductor device 2 to the thrust 
end surface 10a of the slit 10. The p denotes a working 
error of the thrust end surface 10a of the slit 10 of the 
sub substrate 7. 

[0083] First, the optical semiconductor device 2 is 
moved onto the sub substrate 7 so that each of the cent- 
ers of the first positioning marks 4a and 4b of the sub 
substrate 7 are made to be coincident with each of the 
centers of the second positioning marks 6a and 6b of 
the optical semiconductor device 2 respectively (step 
S1 1). 

[0084] Next, as shown in Fig. 2, the infrared ray R is 
irradiated onto the bottom surface of the sub substrate 7 
from the infrared-ray light source 50 disposed below the 
sub substrate 7 so as to face upward. The infrared ray R 
is allowed to transmit through the sub substrate 7 and 
the optical semiconductor device 2. 
[0005] The infrared ray R having transmitted 
through the sub substrate 7 and the optical semicon- 
ductor device 2 is photographed by the infrared-ray 
camera 51 disposed above the optical semiconductor 
device 2 so is to face downward. The photographed 
infrared ray R is supplied to the image processing unit 
27 as the image signal Sv (step S12) 
[0086] Thus, as shown in Fig. 7, the positioning 
marks 4a, 4b, 6a, 6b, the outgoing surface 2b of the 
optical semiconductor device 2 and the slit 10 are pho- 
tographed. Note that the whole of the slit 10 is photo- 
graphed as a shadow. The reason is that since the slit 
10 is formed by cutting processing, the bottom surface 
of the slit 10 is not a smooth but an uneven plane. 
[0087] The image processing unit 27 (Fig. 2) per- 
forms an image processing such as a binary processing 
based on the photographed image indicated by the 
image signal Sv. The image processing unit 27 (Fig. 2) 
detects the position of the outgoing surface 2b of the 
optical semiconductor device 2. the positions of the 
positioning marks 4a. 4b. 6a and 6b and the position of 
the thrust end surface 10a of the slit 10. respectively 
(step S13). 7 

[0088] Furthermore, the image processing unit 27 
(Fig. 2) obtains the actual distance (L + D) from the 
centers of the positioning marks 6a. 6b of the optical 
semiconductor device 2 to the thrust end surface 10a of 
the slit 10 by a method to count what quantity equal to 
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the number of pixels indicating that spaces among the 
positions of the detected outgoing surface 2b, the 
detected positioning marks 4a t 4b. 6a and 6b and the 
thrust end surface 10a separate from each other. The 
image processing unit 27 (Fig. 2) outputs it as the actual 5 
distance signal Sds. 

[0089] The control unit 29 (Fig. 2) subtracts the 
designed distance (Lo+Do) between the outgoing sur- 
face 2b of the optical semiconductor device 2 and the 
thrust end surface 10a of the slit 10 from the actual dis- w 
tance (L + D) indicated by the actual distance signal Sds 
(Fig. 2), thus obtaining an error 
(a + p) = {( L + D) - (Lo + Do)} . Note that the designed 
distance (Lo+Do) is previously set in the control unit 29 
(Fig. 2). , 5 
[0090] Next, in Fig. 2, the control unit 29 generates 
the drive signal Sd for driving the substrate-moving 
stage 23 and the parts-moving stage 26 by a quantity 
equal to the error (a + p) (Fig. 7) in a direction to cancel 
the error (a + p) (Fig. 7). Note that the drive signal Sd 20 
may drive any one of the substrate-moving stage 23 and 
the parts-moving stage 26 or may drive the both of 
them. The control unit 29 then outputs the drive signal 
Sd(step S14). 

[0091] The drive signal Sd is supplied to the sub- 25 
strate-moving stage 23 and the parts-moving stage 26, 
or the drive signal Sd is supplied to any one of the sub- 
strate-moving stage 23 and the parts-moving stage 26. 
The parts-moving stage 26 is moved by a quantity equal 
to the error (a + p) (Fig. 9) in a direction of the arrow B ao 
(Fig. 9) so as to cancel the error (a + p) (Fig. 9). Alterna- 
tively, the substrate-moving stage 23 is moved by the 
quantity equal to the error (a + p) (Fig. 9) in a direction 
opposite to the arrow B (Fig. 9). Still alternatively, by 
combining the means above, the parts-moving stage 26 35 
and the substrate-moving stage 23 are relatively moved 
with respect to each other (step S15). 
[0092] Fig. 9 is a schematic view showing a photo- 
graphed image at the time of completing the method for 
connecting the optical waveguide and the optical semi- 40 
conductor device according to the Fig. 6 embodiment. 
[0093] In Fig. 9, since the optical semiconductor 
device 2 is moved relative to the sub substrate 7 by the 
quantity equal to the error (a + p) in the direction to can- 
cel the error (a + p), the actual distance (L + D) between as 
the thrust end surface 10a of the slit 10 of the sub sub- 
strate 7 and the outgoing surface 2b of the optical sem- 
iconductor device 2 will be made to be coincident with 
the designed distance accurately. 

[0094] Finally, the parts-moving stage 26 (Fig. 2) is so 
made to descend so as to mount the optical semicon- 
ductor device 2 on th sub substrate 7, and th optical 
semiconductor device 2 and the sub substrate 7 ar 
jointed to each other by a method such as soldering and 
the like (step S16). S5 
[0095] Thus, the working error a of the outgoing 
surface 2b of the optical semiconductor device 2 and 
the working error p of the thrust end surface 10a of the 



slit 10 are cancelled, and the distance between the out- 
going surface 2b of the optical semiconductor device 2 
and the incident surface 10a of the slit 10 will be made 
to be coincident with fhe designed distance accurately. 
[0096] In the foregoing embodiments, the example 
in which the optical semiconductor device 2 is not 
rotated relative to the optical waveguide substrate 1 or 
the sub substrate 7 was described. In other words, 
these examples in which the distance between the first 
positioning mark 4a and the second positioning mark 6a 
is equal to the distance between the first positioning 
mark 4b and the second positioning mark 6b ware 
described. Compared to these examples, in the case 
where the optical semiconductor device 2 is rotated rel- 
ative to the optical waveguide substrate 1 or the sub 
substrate 7, in other words, in the case where the dis- 
tance between the first positioning mark 4a and the sec- 
ond positioning mark 6a is different from the distance 
between the first positioning mark 4b and the second 
positioning mark 6b t an error of the distance between 
the first positioning mark 4a and the second positioning 
mark 6a and an error of the distance between the first 
positioning mark 4b and the second positioning mark 6b 
are respectively obtained. By moving them so as to can- 
cel all of these errors, the rotation of the optical semi- 
conductor device 2 can be cancelled. 
[0097] In the first embodiment, the error a was 
obtained from the optical waveguide substrate 1. In the 
second embodiment, the error (a + p) was obtained 
from the sub substrate 7. On the contrary, the error (a + 
p) may be obtained from the optical waveguide sub- 
strate 1, and the error a may be obtained from the sub 
substrate 7. 

[0098] In the foregoing embodiments, the first posi- 
tioning marks 4a and 4b shield the infrared ray R, and 
the second positioning marks 6a and 6b allows the 
infrared ray R to transmit therethrough. On the contrary, 
the first positioning marks 4a and 4b may allow the 
infrared ray R to transmit therethrough, and the second 
positioning marks 6a and 6b may shield the infrared rav 
R. 

[0099] Although the infrared ray R was used as the 
light, which transmits through the optical waveguide 
substrate 1, the optical semiconductor device 2 and the 
sub substrate 7, any beam of light other than the infra- 
red ray R may be employed. In this case, the transmis- 
sion of the infrared ray and the shield thereof in each 
embodiment can be replaced with the transmission of 
this beam of light and the shield thereof. It suffices that 
instead of the infrared-ray light source 50 and the infra- 
red-ray camera 51, a light source for emitting this beam 
of light and a camera for photographing this beam of 
lighter used. 

[0100] As described above, according to the 
present invention, the positioning marks are provided in 
both of the optical semiconductor device and one of the 
optical waveguide substrate and the sub substrate, and 
the infrared ray is allowed to transmit through them, thus 
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obtaining the image. The obtained image is processed, 
and the actual distance from the centers of the position- 
ing marks to either the outgoing surface of the optical 
semiconductor device or the thrust end surface of the 
optical waveguide is obtained. The optical semiconduc- 
tor device and the optical waveguide are relatively 
moved by the quantity equal to the error between the 
actual distance and the designed distance in the direc- 
tion to cancel this error. Then, the optical semiconductor 
device and the optical waveguide are jointed to each 
other. Accordingly, the working error of the outgoing sur- 
face of the optical semiconductor device and the work- 
ing error of the incident surface of the optical waveguide 
are absorbed, and hence the distance between the out- 
going surface of the optical semiconductor device and 
the incident surface of the optical waveguide is made to 
be coincident with the designed distance accurately. 
-Then, the optical semiconductor device and the optical 
waveguide are joined to each other. Thus, the optical 
coupling coefficiency can be significantly increased. 
[0101] Moreover, the positioning marks are formed 
in both of the optical semiconductor substrate and one 
of the optical waveguide substrate or the sub substrate, 
and the image obtained by allowing the infrared ray to 
transmit through them is processed, thus obtaining the 
actual distance from the centers of the positioning 
marks on the optical semiconductor device to either the 
outgoing surface of the optical semiconductor device or 
the thrust end surface of the optical waveguide. The 
optical semiconductor device and the optical waveguide 
are relatively moved by the quantity equal to the error 
between the actual distance and the designed distance 
in the direction to cancel the error, and then the optical 
semiconductor device and the optical waveguide are 
jointed to each other. Accordingly, the working error of 
the outgoing surface of the optical semiconductor 
device and the working error of the incident surface of 
the optical waveguide are absorbed, and hence the dis- 
tance between the outgoing surface of the optical semi- 
conductor device and the thrust end surface of the 
optical waveguide is made to be coincident with the 
d signed distance accurately. Thus, the optical coupling 
coefficiency can be significantly increased. 
[0102] Although the preferred embodiments of the 
present invention have been described in detail, it 
should be understood that various changes, substitu- 
tions and alternations can be made therein without 
departing from spirit and scope of the inventions. 
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1. 



A method for connecting an optical waveguide (5) 
for guiding light and an optical semiconductor 
device (2) having an outgoing surface for emitting 
said light, said optical waveguide (5) being formed 
in a first region on a top surface of a substrate (1), 
on which a pair of first positioning marks (4a, 4b) 
are formed for transmitting or shielding an infrared 
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ray only at specified spots in a second region adja- 
cent to said first region, and said optical semicon- 
ductor device (2) having a bottom surface on which 
a pair of second positioning marks (6a, 6b) for 
transmitting or shielding said infrared ray are 
formed thereof, said second positioning marks 
being concentric and having a different diameter 
from that of said first positioning marks and an 
tr^ened pattern shape to that of said first position- 
ing marks, characterized in that 

said method comprising the steps of; 
moving said optical semiconductor device (2) 
to said substrate (1) so as to overlap said pair 
of said first positioning marks (4a, 4b) and said 
pair of said second positioning marks (6a, 6b); 
obtaining an actual distance (L) from said out- 
going surface to said pair of said second posi- 
tioning marks, based on an image 
photographed by allowing said infrared ray to 
transmit through said substrate and said optical 
semiconductor device; 

obtaining an error (a) between said actual dis- 
tance (L) and a designed distance (Lo) previ- 
ously set, by subtracting said designed 
distance (Lo) between said outgoing surface of 
said optical semiconductor device and said pair 
of said second positioning marks from said 
actual distance (L); 

moving said pair of said second positioning 
marks (6a, 6b) relative to said pair of said first 
positioning marks (4a, 4b) by a quantity equal 
to said error (a) so as to cancel said error (al- 
and 

jointing said optical semiconductor device (2) 
to said substrate (1). 

. A method for connecting an optical waveguide (9) 
and an optical semiconductor device (2), said opti- 
cal waveguide (9) being laid in a groove formed on 
a top surface of a substrate (7) on which a pair of 
first positioning marks (4a, 4b) are formed for trans- 
mitting or shielding an infrared ray only at specified 
spots and having one end surface thrusted to a 
thrust end surface, that is one end of said groove, 
so as to be positioned, and said optical semicon- 
ductor device (2) having a bottom surface, in which 
a pair of second positioning marks (6a, 6b) for 
transmitting or shielding said infrared ray are 
formed, said second positioning marks being con- 
centric and having a different diameter from that of 
said first positioning marks and an inverted pattern 
shape to that of said first positioning marks, charac- 
terized in that 

said method comprising the steps of: 
moving said optical semiconductor device (2) 
to said substrate (7) so as to overlap said pair 
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of said first positioning marks (4a, 4b) and said 
pair of said second positioning marks (6a, 6b); 
obtaining an actual distance (L+D) from said 
second positioning marks of said optical semi- 
conductor device to said thrust end surface, s 
based on an image photographed by allowing 
said infrared ray to transmit through said sub- 
strate and said optical semiconductor device; 
obtaining an error (a+p) between said actual 
distance (L+D) and a designed distance w 
(Lo+Do) previously set, by subtracting said 
designed distance (Lo+Do) between said out- 
going surface of said optical semiconductor 
device and said thrust end surface of said slit 
from said actual distance (L+D); 15 
moving said pair of said second positioning 
marks (6a, 6b) relative to said pair of said first 
positioning marks (4a, 4b) by a quantity equal 
to said error (a+p) so as to cancel said error 
(a+p); and 20 
jointing said optical semiconductor device (2) 
to said substrate (7). 

3. An apparatus for connecting an optical waveguide 
(5) for guiding light and an optical semiconductor 25 
device (2) having an outgoing surface for emitting 
said light, said optical waveguide (5) being formed 
in a first region on a top surface of a substrate (1), 
on which a pair of first positioning marks (4a, 4b) 
are formed for transmitting or shielding an infrared 30 
ray only at specified spots in a second region adja- 
cent to said first region, and said optical semicon- 
ductor device (2) having a bottom surface on which 
a pair of second positioning marks (6a, 6b) for 
transmitting or shielding said infrared ray are 35 
formed thereof, said second positioning marks 
being concentric and having a different diameter 
from that of said first positioning marks and an 
inverted pattern shape to that of said first position- 
ing marks, 40 

said apparatus comprising: a stage (23, 26) for 
moving relatively said substrate and said opti- 
cal semiconductor device; a light source (50) 
for irradiating said infrared ray; a camera (51) as 
for photographing an image formed by said 
infrared ray irradiated from said light source 
and transmitted through said substrate and 
said optical semiconductor device; and a con- 
trol unit (27, 29) for controlling said stage so 
based on said image from said camera; 
characterized in that wherein said control unit 
(27, 29) 

driving said stage (23, 26) so as to overlap said 
pair of said first positioning marks (4a, 4b) and ss 
said pair of said second positioning marks (6a 
6b); 

obtaining an actual distance (L) from said out- 



going surface to said pair of said second posi- 
tioning marks, based on said image 
photographed from said camera; 
obtaining an -error (a) between said actual dis- 
tance (L) and a designed distance (Lo) previ- 
ously set, by subtracting said designed 
distance (Lo) between said outgoing surface of 
said optical semiconductor device and said pair 
of said second positioning marks from said 
actual distance (L); and 
moving said pair of said second positioning 
marks (6a, 6b) relative to said pair of said first 
positioning marks (4a, 4b) by driving said stage 
(23, 26) by a quantity equal to said error (a) so 
as to cancel said error (a). 

An apparatus for connecting an optical waveguide 
(9) and an optical semiconductor device (2), said 
optical waveguide (9) being laid in a groove formed 
on a top surface of a substrate (7) on which a pair 
of first positioning marks (4a, 4b) are formed for 
transmitting or shielding an infrared ray only at 
specified spots and having one end surface 
thrusted to a thrust end surface, that is one end of 
said groove, so as to be positioned, and said optical 
semiconductor device (2) having a bottom surface, 
in which a pair of second positioning marks (6a, 6b) 
for transmitting or shielding said infrared ray are 
formed, said second positioning marks being con- 
centric and having a different diameter from that of 
said first positioning marks and an inverted pattern 
shape to that of said first positioning marks, 

said apparatus comprising: a stage (23, 26) for 
mbving relatively said substrate and said opti- 
cal semiconductor device; a light source (50) 
for irradiating said infrared ray; a camera (51) 
for photographing an image formed by said 
infrared ray irradiated from said light source 
and transmitted through said substrate and 
said optical semiconductor device; and a con- 
trol unit (27, 29) for controlling said stage 
based on said image from said camera; 
characterized in that wherein said control unit 
(27, 29) 

driving said stage (23, 26) so as to overlap said 
pair of said first positioning marks (4a, 4b) and 
said pair of said second positioning marks (6a 
6b); 

obtaining an actual distance (L+D) from said 
pair of second positioning marks (6a, 6b) to 
said thrust end surface (10a), based on said 
image from said camera; 
obtaining an error (ct+p) between said actual 
distance (L+D) and a designed distance 
(Lo+Do) previously set, by subtracting said 
designed distance (Lo+Do) between said pair 
of said second positioning marks of said optical 
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semiconductor device and said thrust end sur- 
face of said slit from said actual distance (L+D); 
and 

moving said pair of said second positioning 
marks (6a, 6b) relative to said pair of said first s 
positioning marks (4a. 4b) by driving said stage 
(23, 26) by a quantity equal to said error (a +p) 
so as to cancel said error (a+p). 
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